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Science and Innovation:
U.S. Department of Energy

David J. Dean

Senior Advisor

Office of the Under Secretary for Science
Department of Energy

INPC
July, 2010
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What 1s the U.S. policy framework?

= President Barack Obama
o “So we have a choice to make. We can remain one of the world's leading importers of
foreign oil, or we can make the investments that would allow us to become the world's
leading e)g)orter of renewable ener% We can let climate change continue to dgo
unchecked, or we can help stop it. We can let the jobs of tomorrow be created abroad,
or we can create those jobs right here in America and lay the foundation for lasting

prosperity.”

o “Whether it is improving our health or harnessing clean energy, protecting our security

or succeeding in the global economy, our future depends on reaffirming America's role
as the world’s engine of scientific discovery and technological innovation®

DOE priorities that meet the President’s challenge

o Sustain basic research, discovery and mission driven
o Catalyze a transformation of the national/global energy system
2 Enhance nuclear security

o Contribute to US competitiveness and jobs

LBNL and Tech Source Inc.



Outline of talk

|. Scientific Discovery in Nuclear Physics

[I. Simulation: Nuclear Physics Examples

lll. Energy and the Environment

V. Innovation and Competitiveness
through Simulations

LBNL and Tech Source Inc.



Scientific Discovery: Element 117

Spontaneous Fission

Stable 'Mountains'
Leod - Uranium

sland of Stability
superheavy sphencal nucke

120

Neutron Number, N

Increasing Stability

%0
80  Proton Number, Z
190

Delormed Nucled

ORNL, LLNL,
Vanderbilt, Dubna

Phys. Rev. Lett. 104, 142502 (2010)

U.S. DEPARTMENT OF

ENERGY
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‘ DOE provides extreme scale computing

today: 15 years of world leadership

P‘f

Top 500 list, June 2010

Place Speed On list
(max) Since

Jaguar ORNL  1.75PF 2009 (1)
Roadrunner LANL  1.04 PF 2009 (3)
Dawn LLNL  0478PF 2007 (8)
@Mvanoed Scientific Computing Research BG/P ANL 0458 PF 2007 (9)
Red Sky (NREL) SNL 0.434PF 2010 (10)
NNSA Red Storm LLNL  0416PF 2009 (12)
ai—1=4 Advanced Simulation and Computing NERSC BNL 0.266 PE 2008 (18)
INCITE: 2.5x oversubscribed
e ASC and ASCR provide much more than machines:
* Applications (Computational Science)
o fme * Algorithms (Applied Mathematics)
Seenes Methemaf=" « Systems (Computer Science)

* Integration (SciDAC, Campaigns)

U.S. DEPARTMENT OF

©ENERGY

LBNL and Tech Source Inc.



Simulations have come of age in Science and National Security

Energy Storage Fusion Energy
Understanding the storage and Substantial progress in the
flow of energy in next- understanding of anomalous
generation nanostructured electron energy loss in the
carbon tube supercapacitors National Spherical Torus

Turbulence Nuclear Energy
Understanding the statistical L High-fidelity predictive

geometry of turbulent simulation tools for the design

dispersion of pollutants in the of next-generation nuclear

environment. reactors to safely increase
operating margins.

Experiment (NSTX).

Biofuels Nano Science

A comprehensive simulation model Understanding the atomic and
of lignocellulosic biomass to electronic properties of
understand the bottleneck to nanostructures in next-
sustainable and economical ethanol generation photovoltaic solar
production. cell materials.

All known sustained petascale science applications to date have been n-m on OLCF system

LBNL and Tech Source Inc.
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Simulation has become an important means toward innovation

in science and national security: Extreme Scale Workshops

Town Hall Meetings April-June 2007
Scientific Grand Challenges Workshops
November 2008 — October 2009

o Climate Science (11/08)

High Energy Physics (12/08)

Nuclear Physics (1/09),

Fusion Energy (3/09),

Nuclear Energy (5/09) (with NE)
Biology (8/09)

Material Science and Chemistry (8/09),
National Secunty (10/09) (with NNSA)

Cross-cutting workshops

o  Architecture and Technology (12/09)

o Architecture, Applied Mathematics and
Computer Science (2/10) ‘

Meetings with industry (8/09, 11/09)

External Panels
o ASCAC Exascale Charge (FACA)
o Trivelpiece Panel

0 I o = N

Scherefic Grasd Crallerges

Scentific Geard Chalenges

FUNDAMENTAL SCIENCE
U.S. DEPARTMENT OF
© ENERGY

LBNL and Tech Source Inc.
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‘ Exascale Program Elements

Platforms
*Early prototypes

Platform R&D

Critical Software and
Technologies J Environments

(everyone *Operating

environment
benefits) *Systems Software

*Memory *System reliability

*Nonvolatile * Programming
storage model

*Optics

Co-desig n

*Performance
models

*Simulators

* Applications
integration with
vendors

2 Vendor
Tracks
*Power
*Integration

* Risk Mitigation

to ensure
component
integration and
usefulness

*Risk mitigation for
vendors — Non
recoverable
engineering cost

Exascale Elements

e Today’s capability platform
e < becomes tomorrow’s desktop

LBNL and Tech Source Inc.




CO, emissions and GDP per capita

CO, emissions and GDP per capita (1980-2005)

25
Per capita —ua
. - France
20 emissions N ’Mm:si‘_h— +g:
g quartered ,,-.-// J‘ ——Mexio
§ ' s —— Malaysia
Saudi A Moyt
: W = —o
g s o=
: ° —"*"\.»‘Ytz;w'/ :wm
9 ;% =
) s J{‘M : o lran
/oy | Today’s global average :V;:-h
—+—Algeria
0 (ot i Required for stabilization —o—Norway
’ 1 20,999 30,000 40,000 50,000

GDP per capita (PPP, constant 2005 international $)

Source: DOE EIA database (2008)
Russia data 1992-2005, Germany data 1991-2005 U.S. DEPARTMENT OF

ENERGY

LBNL and Tech Source Inc.
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What about Innovation?
U.S. Energy Supply since 1850

= Ubiquity — consider economic,

Petroleun social and political costs
0 - = Longevity — Stock of existing
Hydroeledtric assets
Power
o = Scale — large capital assets and
uclear access to existing infrastructure
it
10 - Powver

= Incumbency — New technologies
compete on cost

1850 1875 1800 1925 1950 1975 2000

Source: EIA
= Demand structural features allow rapid
Sales of Personal |eam|ng
®  Audio/Video since 2000 5 Multiple units
i | A — a Smaller capital cost
a  More rapid turnover
» = Demand responds to the right signals
a Perceived price
0 e — a Standards

a Behavior
U.S. DEPARTMENT OF

m Flash MP3/MP4 HDD MP3/MP4  mPersCD  mMNet MD  mPers Tape \
ENERGY
© 2007 Faremue Coredtng Ld Lims

LBNL and Tech Source Inc.
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The US must accelerate innovation to remain

competitive: Examples

Cummins achieved a milestone in engine design by
bringing a diesel engine, the 2007 ISB 6.7 liter, to
market solely with computer modeling and analysis
tools. The only testing was after-the-fact to confirm

performance. Cummins achieved a reduction in
development time and cost (estimated to be about 10 to
15% for this first effort). As important, they realized a
more robust design, improved mileage, and met all
environmental and customer constraints.

LBNL and Tech Source Inc.

Goodyear's Assurance® Triple Tred all-
weather tire was its first product designed
using predictive modeling simulation tools
developed in conjunction with Sandia National

[aboratories. This tire and the subsequent
products utilizing advanced modeling
capabilities resulted in a factor of three
reduction in product development time and led
to record profits for Goodyear.

U.S. DEPARTMENT OF

© ENERGY

15



Simulation combines HPC with experiments and observations:

Combustion — accelerating innovation

Exaflops

Petaflops
« Large Eday Simula

Teraflops

. Sub-Maodel Validatio

\\
Turbulent Fgme Experiments

|

Ab-Initio (
Simulations

Mechanism [
Y
0 Mechanistic Experiments

Kinetic

cal Dynamics %

Develop a validated, predictive, multiscale, combustion modeling
capability that can optimize the design and operation of evolving fuels in
advanced engines and power plants.

U.S. DEPARTMENT OF

ENERGY

Thousands of design iterations — each corresponding to a high-fidelity
multiscale simulation —would accelerate optimization and implementation
of new technologies.

LBNL and Tech Source Inc.
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CASL vision: Create a virtual reactor (VR)
for predictive simulation of LWRs

Leverage Develop Deliver
» Current state-of-the-art neutronics, = New requirements-driven * An unprecedented predictive
thermal-fluid, structural, and fuel physical models simulation tool for simulation
performance applications - Efficient, tightly-coupled multi-scale/ of physical reactors
» Existing systems and safety multi-physics algorithms and » Architected for platform portability
analysis simulation tools software with quantifiable accuracy ~ ranging from desktops to DOE'’s
leadership-class and advanced
« Improved systems and safe :
a':lglysi X tooyl: ty architecture systems
(large user base)

« Validation basis against 60%
of existing U_S. reactor fleet (PWRs),
using data from TVA reactors

» Base M&S LWR capability

LBNL and Tech Source Inc.
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I Competitiveness: Example from Computing

China & US
10

Pisoas

o

0.001

A © L0
RAA SIS

= US leads today in HPC

~-US
<@~ China

CRANY"

THE SUPERCONPUTEN COMPANY

o

= China is pursuing HPC vigorously;

= By November, 2010:

o 3-6 PF machine Chinese integrated from US « US Companies involved in HPC

accelerators by November
o 1 PF full Chinese machine

o China likely #1 on the Top 500 list in November

“The United States led the world’s economies in the 20th century because we led
the world in innovation. Today, the competition is keener; the challenge is U.S. DEPARTMENT OF

tougher; and that is why innovation is more important than ever. It is the key to
good, new jobs for the 21st century.” —President Barack Obama, August 5, 2009 E N E RGY

LBNL and Tech Source Inc.
18



| Simulation — the ability to predict

US must lead in innovation and high-end manufacturing to be competitive in
a global economy

o New technologies, optimal designs, shorter design cycles, faster transition to
scale

o Optimizing complex systems for efficiency, reliability, security

Simulation has become an important means toward these goals in science
and national security

o Methodology combining HPC with models, experiments, data

o US best in world, but others moving rapidly

For-profit sector has lagged in applying simulation

o Only a hand-full of Fortune 50 companies

o In-house capabilities usually lag national laboratories, academia
Two-pronged initiative to more fully exploit simulation

o Make simulation a unique asset for US industry
= Transfer current capabilities, create workforce, software, hardware

o Advance simulation through Exascale computation U.S. DEPARTMENT OF

ENERGY

LBNL and Tech Source Inc.
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Boron Coated Straws as a
Replacement for He-based
Neutron Detectors

INPC Vancouver
July 4-9, 2010

LBNL and Tech Source Inc.
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The need for *He-replacement

technolo;

gies

World3He World demand
Applications (2009-2014):

Hneurron scarrering

*125 kliters needed from ~20 kliters/yr
2000-2015

securiry applications ~22 kliters/yr
(US)

industrial, medical ~8 kliters/yr
(US)

safeguards (fission ~20 kliters/yr
counters)

DEMAND TOTAL: ~70 kliters/year

Sources

World 3He supply (2009-2014): in
the short term 3He is only available
from the US and Russia; the global
supply total during this period as
reported by the 3He supply crisis
meeting, Munich July 2009 is
SUPPLY TOTAL ~20 kliter/year.

World Short Fall 2>
20 kliters/year

Hellum detector expert goup [he SHe

proc ofmeetmg held at FRM I, Munlch July2009 =

. Savannah River National Laboratory, June 2009.
N e “The SHe supply problem”. PNNL report 18388, April 2009.

LBNL and Tech Source In

C.

21



CERN ATLAS

(under constructlon 2005)

LBNL and Tech Source Inc.
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Barrel Tbroid

ATLAS

Electromagnetic Calorimeters

Muon Detectors

\
\\
\ N

Solencid |

Forward Calorimeters

End Cap Toroid

Inner Detector

Hadronic Calorimeters

Shielding

LBNL and Tech Source Inc.
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Barrel detector

.

D) a
\ e 2y

Type 1 32 % 329 straws
=10528
Type 2 32% 520 straws
=16640
Type 332% 793 straws
=25376

7

52544 total straws

LBNL and Tech Source Inc.



Boron-coated Straw Detectors

-SRO

1oB+n_>{7Li+a 2.79 MeV
ALi*+a 2.31 MeV

Twister

Anode wire

Copper
Adhesive
Copper

LBNL and Tech Source Inc.
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Coating techniques

SR

Physical Vapor Deposition Spray painting
in Boron-Coated Straw (BCS) in Boron-Lined Counter (BLC)

50% or more of coating
thickness is due to binder

1um Entire coating is close to
100% 19B,C (=77% 1°B)

» Example: for 1 pm of 19B,C (equivalent to

» Example: escape efficiency for 6 ym
0.18 mg/cm? of 19B), the escape efficiency coating is 21% p 4 :

for the 19B(n,a) reaction products is 78%

LBNL and Tech Source Inc.
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Coating techniques

» Straw detectors coated
with the optimal thickness
of 19B,C have the
maximum possible
escape efficiency

» Conventional boron-
lined counters have
thicker coatings, due to
the addition of binders,
resulting in very low
escape efficiency.

Count rate (cps)
&

— —
= o
T T

o
T

N
o
T

8

OO
1.0 TT1.2 94 1'.6 T
09,27 8" 59
0.8 el !
08, \ \
\ o -
0'5. optimal thickness of '°B ,C \ \g.o um |%8,C
049 :
e =
e Fixed coating thickness = 6 um

0.1

LBNL and Tech Sou

QIZ 0.’3 0j4 0j5
Mass thickness of '°B (mg/cm?)

rce Inc.

0.6
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Detection efficiency of
dense array

SO

Effective density of Wall escape
9B in straw array s =
Layer Volume

N Alpha
a/ escape:
L 42%
) Lithium
/ escape
; 0
Neutron //" 35%
interaction at 0.5
Hm from gas
interface

LBNL and Tech Source Inc.



Gamma rejection

-SSR0

Gamma rejection

Pulse height spectra

fraction detected

5
'Cs gammas

= . : it e o S
L} B 10 12 14 16 18 20
discriminator level (V)

LBNL and Tech Source Inc.



Radiation Portal Monitor (RPM)
He Replacement

SR

Typical RPM installation with 4
panels - over 1500 installed 3He- RPM
~70,000 liters *He

:-7‘_ Seoe?
/
*He tube @ 3 atm, HDPE moderator
5cmdia. X 187 cm
: g 30.5%12.7%215 cm?
contains 11.4 liters (W X D X H)

of 3He

LBNL and Tech Source Inc.
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Straw-based RPM

* A moderator block formed by SRR BCS detectors, 4 mm dia.
bonding together long slabs of
HDPE

» Long square grooves
machined into each slab, to G0 OO0
accommodate up to 171 straw e AT e T Tl T e T
detectors. HDPE
» Straws - 4 mm in diameter

and 200 cm long 29.8 cm

12.1 cm

AN
v

LBNL and Tech Source Inc.
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Replacing *He in RPMs

» Because of their small size, straw detectors can be
distributed with high granularity in the converter providing
much more efficient detection than large, pressurized *He

tubes.

* As a result, the sensitivity equivalency for RPMs is
significantly improved, compared to the moderator-free
case (for which 1 liter 3He = 34.5 m of straw):

1 RPM panel (11.4 liters of *He) = 160 meters
of 4 mm straws?

1 liter of *He = 14 meters
of 4 mm straws?

§ coated with 1 pm of 198,C

LBNL and Tech Source Inc.
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10B Resource Requirement for
Existing RPM Replacement

* Current RPM deployments : 70,000 liters of *He

* Required length of straws : 980,000 meters

* Required amount of 1°B,C : 29 kg

« Commercial production of 1B : 10,000 kg annually

* Current cost of 1B,C material in 4 mm straw? $1.40 per meter
* Current cost of finished 4 mm straw?: $100 per meter
* Current cost to replace single RPM panel : $16,000

(11.4 liters of 3He)

 Current cost of straw-based RPM installation with
4 panels (2 panels on either side of drive-through $64,000
lane) :

¥ coated with 1 pm of °B,C

LBNL and Tech Source Inc.
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Large Inelastic Neutron Scattering
Detector Replacement

» The ILL Grenoble detector shown below right contains 2700 liters of 3He

* For replacement with 8 mm straw detectors, 46,575 m of straw are needed

* These 8 mm straw detectors can be 3 m long each, and packed in bundles of 7,
inside 17 OD tubes, as shown below left

* The required configuration is ~6 layers of these 1” tubes, with 394 tubes in each
layer

- Multitube for IN5

— —

%14 modules have been
o
produced and tested

Straw-based replacement 32 PSD per module, 3 m lon 18 il eitvdon I0E e

Total surface: 30 m?

LBNL and Tech Source Inc.

34



Small Angle Neutron Scattering
SANS Detector Replacement

» The 1 x 1 m2 SANS detectors shown on the right contain ~96.5 liters of *He
* For replacement with 8 mm straw detectors, 1665 m of straw are needed
*» Using the 1” OD bundles, the required configuration is ~6 layers, with 39 tubes

in each layer.

/| PSD for SANS
o e A

Erom standard MWEC . ... to position sensitive counter tubes

XY measured by concidence of 2 orthogonal wire Running on D22 since 2004

Stl'aW-based replacement frammes (max count rate 200 KHz) Lk ki

128 PSPC covering 1 m? of sensitive area
| Position measurement by charge division

Tube diam.: 8 mm. Pressure: 15 bars

Efficiency: 75 % @ 5 Angstroms

# Cost is ~2 times less then for a MWPC of equivalent size
% More safe (PY < 80 bar.litre)

LBNL and Tech Source Inc.
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Replacement of *He in
Portable Field Applications

SO

50-straw module,

with 100 cm long straws
] Fighs B0

Source at 100 m

* Eleven detectors
— 550 total straws

* High sensitivity

* Low weight

* Rugged

* High shock and
vibration resistance

_ 08 R
3‘0.6 m i
2
& 041 -
£ Measured background rate
é 0.2t Neutron flux geographical data

oO 2 4 10 12 14

G 8
On-Move Time (hours)

LBNL and Tech Source Inc.
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Conclusion

SRS

2 The Boron-coated straw (BCS) detector is a relatively
mature technology that offers an exceptionally robust,
low cost solution to *He replacement.

2 Because of its simplicity and maturity, neutron straws
offer a short cycle time to full scale deployment.

2 The BCS detector not only offers a replacement
solution but promises to improve performance in the
largest scale neutron detection applications.

LBNL and Tech Source Inc.
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4 N
Fission Cross-Sections of Minor Actinides

for Advanced Reactor Systems: New Data
\from n_TOF (CERN)

International Nuclear Physics Conference

2010
V. %) ‘ couver

/

' INFN

1 Giuseppe Tagliente

n_TOF collaboration L/

giuseppe.tagliente@ba.infn.it ISTITUTO NAZIONALE Df FISICA NUCLEARE

LBNL and Tech Source Inc.



The actinide problem

Total radiotoxicity inventory (Sv)

-
-~
~ .

TRU Actinides: Np, Pu, Am ,Cm

10° +————
1 10

””{60' ....,1,..03 : 164 : 165 ————
Time after disposal (years)

Main problem in the nuclear :

waste are the transuranic:
actinides: Pu and MA (Np,

Am, Cm,...)

* 1.5% in mass but give the
biggest  contribution to:
radiotoxicity and heat after :
100y

* problem persists for more
than 10°y

* some isotopes are
fissionable (proliferation
and criticality concern).

At present, only solution to the high radiotoxicity nuclear waste is geological repositories

LBNL and Tech Source Inc.
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Actinide burning in Gen IV reactors J

The innovation of Gen IV reactors consists in the possibility to produce energy by
burning Pu and minor actinides Np, Am, Cm.

----------------------------------------------------- n °_ _3
Most minor actinides present a: ] | Nevtron spectrum :
: : fission threshold (~ 1 MeV). %25— (Gen IV e ADS) 25
iTo burn nuclear waste, it isE . s s
i necessary to use fast reactors or: @bMNv\ ’ -
 ADS. 5 3
NI I I NN I NN NN NN NN E ’.5— —’j
..................................................... 15 o3
Gen IV fast breeder reactors (SFR I?;‘sllelsgtopesd :—r §
| GFR and LFR) would fulfill a closed | eutrestetd ¢
: ! fuel cycle, thus: P § i
i I S e
:  * maximizing the use of U resources ; & \ :
i+ minimizing waste 0 I — e
CEN NN INEE NN NN IEENEE NN EEEEEE NN fx,¢ ,x'é "'v 'na

Neutron energy. eV

design uncertainty and optimize safety parameters)

-

The development of Gen IV fast reactors requires accurate nuclear data (minimizeJ

LBNL and Tech Source Inc.
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Table 1. Summary Target Accuracies for Fast Reactors

Energy Range Current Target
Accuracy (%) | Accuracy (%)
inel 0.5 +6.1 MeV 10 +20 2 +3
V238 capt 2.04 +24.8 keV 3+9 15 +2
Pu241 fiss 454, eV +1.35 MeV 8+20 2+5
Pu239 capt 2.04 +498 keV 7 +15 4+7 Necessary to reduce
Pu240 fiss 0.498 +1.35 MeV 6 1+3 uncertaintied to ~3-7 %
Pu242 fiss 0.498 +2.23 MeV 19 +21 345 for most Pu isotopes
Pu238 fiss 0.183 +1.35 MeV 17 345 and Minor Actinides, in
Am242m | fiss | 67.4keV +1.35 MeV 17 3+4 the energy range from
Am241 fiss | 2.23+6.07 MeV 9 2 a few keV to several
Am243 fiss | 0.498 +6.07 MeV 12 3 MeV
Cm244 fiss 0.498 +1.35 MeV 50 5
Cm245 Fiss 67.4 +183 keV 47 7
Fe56 Inel 0.498 +2.23 MeV 16 +25 3+6
Na23 inel 0.498 +1.35 MeV 28 4 +10
Pb206 inel 1.35+2.23 MeV 14 3
Pb207 Inel 0.498 +1.35 MeV 11 3
si28 inel 1.35 +6.07 MeV 14 +50 3+6
capt 6.07 +19.6 MeV 53 6

[ LA g ravpnv) e gravesvy O Tagiieiite 1A Tma

Source: Aliberti, Palmiotti, Salvatores, NEMEA-4 workshop, Prague 2007

LBNL and Tech Source Inc.



An example: 23 Am(n,f)

Fission Cross Section (b)

3 —r—rrrr — : i
‘ Kanda, 1987 -+ '
omushkin, 1984  x
Fomushkin, 1967 (a) 243Am e
25 F Fomushkin, 1967 (b) © ' e,
Adamov, 1983  »
Cnitter, 1988
Hutler 19/ 0
2 B Uy A
15} -
Younes, 2004 Sur 0
NDF/B-VI ——
r JENDL-33 -
05 .
dispersion
O,
0 _ of 15% 1
23Am o(n,f)
_05 e | A s aal A gl
0.01 0.1 1 10

Neutron Energy (MeV)

LBNL and Tech Source Inc.

Several Cross section
measurements already exist
(between 1960 and 2004).

Results discrepant by 15 % !!

Accurate new data needed to
clarify this important cross
section.




The need of new data on actinides

The overall list of requirements is rather long:

UiNEEEEREEEEY

NEA/WPEC-26 (ISBN 978-92-64-99053-1)

fAccurate data also needed on.§
: some Th, Pa and U isotopes : “'pa | »“?Pa|»"Pa |+ **'Pa
: involved in the Th/U fuel cycle.  :

o1h | 5 'm

. ﬁSS|on Cross Secnons of 234U' 237Np, 238,240-242Pu' 241,242m,243Am' 242-246cm

B4 Th

Research on high precision nuclear data for advanced reactors supported by FP VII

EURATOM (Fission-2009-2.3.2)

In Europe, neutron measurements going at two major facilities:

n_TOF (CERN, Geneva) and GELINA (JRC-Geel, Belgium)

LBNL and Tech Source Inc.
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The n_TOF facility at CERN J

/—-

n_TOF is a spallation neutron source based on

20 GeV/c protons from the CERN PS on a water-
’ab v cooled Pb target (~360 neutrons per proton).
?00

‘ %r¢
\IS R )
* 20 GeV
“ Proton beam

LBNL and Tech Source Inc.
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The n_TOF facility J

e —
— Simuloted

- o Meosured Main features of the n_TOF neutron beam

g (measuring station at 200 m):

3 * high instantaneous flux  10° n/cm?/puise

‘g * wide energy spectrum 25 meV<E, <1GeV

2 * low repetition rate <0.8Hz

E: * good energy resolution AE/E = 10*
10‘10_2 |£>" r 10 :02 10° 110‘ @ 10t 10 1‘0’

Neutron Energy (eV)

Neutron beam + state-of-the-art detectors and acquisition systems make n_TOF UNIQUE for:
* measuring radioactive isotopes, in particular actinides
* identifying and studying resonances (at energies higher than before)
» extending energy range for fission (up to 1 GeV !).

LBNL and Tech Source Inc.
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The experimental activity at n_TOF J

n_TOF Collaboration (120 Researchers from 40 European Institutes)
CERN

Capture

151Sm Technische Universitat Wien Austria
204,206,207,208p}y, 209 IRMM EC-Joint Research Center, Geel Belgium
24,25,26\(|g IN2P3-Orsay, IN2P3-Strashbourg, CEA-Saclay France

90,91,92,94,967y, 937y

FZK - Karlsruhe Germany

Univ. of Athens, loannina, Demokritos Greece

186,187,188
INFN Bari, Bologna, LNL, Trieste
ENEA - Bologna Italy
ITN Lisbon Portugal
INR — Dubna, IPPE - Obninsk Russian Fed.
CIEMAT, Univ. of Valencia, Santiago de Compostela,
University of Cataluna, Sevilla Spain
University of Basel Switzerland
IFIN Rumania
Univ. Of Manchester, Univ. Of York Great Britain
41,243Am 245Cyy
EC Contracts
FP5: n-TOF-ND-ADS FP6: EUROTRANS FP7: ANDES

LBNL and Tech Source Inc.



The experimental setup: capture reactions

4
MI’Q l|,l.'
/ . -« Er
oo . ______ N W w " e
n A 1
< L3 E2
Torget J Y £|
Jo f oD
Aolz

Capture reactions are measured by
detecting y-rays emitted in deexcitation. At
n_TOF used two systems: C,D, and TAC

CeDs: scintillator  detectors
characterized by very low neutron
sensitivity (but low efficiency)

Total Absorption Calorimeter (TAC):
4n array to detect the entire
deexcitation cascade with high efficiency.

Ideal for measurements of actinides.

LBNL and Tech Source Inc.
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The Fission setup

Neutron

M. Calviani et al., Nucl. Instr. Meth. A 594, 220 (2008)

Fission chamber (single fragment) :

o R | reference (standad) B s cthod)

2y U/Pu fuel cycle L | J— reference (standad)
e 1 — Th/U fuel cycle il 1 IR— Th/U fuel cycle
a3y 238y Th/U fuel cycle B Th/U fuel cycle
BIND Gen IV and ADS ZINp e Gen IV and ADS
41283pm ... Gen IV and ADS 20°Bi, 2P e ADS

25CmM e Gen IV and ADS

LBNL and Tech Source Inc.



The n_TOF results: Th/U fuel cycle J

Response (counts / ns)

22Th(n,y)
10?
10’
100 frm(o.owm)
—-GEU""'I":(O.MGM)
- =
10“ FEPEPPP EEEPEPIPPP BRI B -
10 100 1000 10000 100000
Neutron Energy / eV

Very accurate data collected at n_TOF on
neutron capture for 232Th:
» clear advantage over GELINA in the
Resolved Resonance Region.

= important results also at high energy,
(previous data off by 40 %).

G. Aerts et al., Phys. Rev. C 73, 054610 (2006)
F. Gunsing et al., Phys. Rev. C, in preparation

Fission cross-section on 233U measured
for the first time from thermal to 50 MeV,
with 5 % accuracy, and high resolution.

Extremely important data for Th/U cycle !

M. Calviani et al., Phys. Rev. C 80, 044604 (2009)
F. Belloni et al., Eur. Phys. J., in preparation

E tor LU(nF)
< 50— |— ENDF/B-VILO
© — JEFF 3.1
}
40 | ”
{.f
30 f
20}
10/ 440 # 5
011111111111111111111.111 [ NS N |
520 540 560 580 600 6 40 660 680 700

LBNL and Tech Source Inc.
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L The cross-sections of 2’Np

= 25— 23’Np(n,y) : : Previous data scattered all over.
a8 L0 n_TOF ' Accuracy of n_TOF results better than 4% (up
e [ - - ==~ Evaluated o{n.y) -
-§ 204——--—1» ----- =509 / Esch2005 —4 to 10 keV).
ol - e - Kobayasi 2002
g 'vL [ | [ v :.V:;m 19:716 Solved large discrepancy in the Unresolved
- i B 1
8 18T —— Gresser 1990 —4 Resonance Region
g L L i
8 a ~ . i i C. Guerrero et al., Phys. Rev. C, in preparation
8 10_._ o -\_ j _{.v NS S i_l___ L
[ve I T ey .
[ - .._.._.. I T S iy re e PO P | iy s
SNSRI [PONR )
N A A T A S N R it
OT 1 I 1 1 1 ' 11 1 I 1 11 | 1 L1 I L1 1 I 1 L1 | 1 1 1 | g
600 800 1000 1200 1400 1600 1800 2000
Neutron Energy (eV) e
P NSNS SIS NSNS NSNS SESESSSSESESISEESIESSEEEEEsEE, S1.0 ”3‘\1 T

n_TOF results 6% higher than previous data
and evaluations (all normalized to ONE
measurements of 1983).

Very important result for design of future

: generation reactors (Np is the

i abundant MA produced in current reactors)

most

©
¥ [ — u_TOF (This work)
[ « Tovesson (USALAS 07)
o /

Shcherbakov (RUSLIN 01)
Lisowski (USALASES)

A Meadows (USAANL §8)

Ternynma (JPNTOHS6)
Meadows {(USAANLS3)

LBNL and Tech Source Inc.
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The cross-sections of 23°Pu

Counts/Pulse

o

 24%Pu(n,y)

240P u

....... Dummy-sample
= = = Sample-out
Beam-off

Neutron energy (eV)

First capture measurement in resolved
resonance region.

Accuracy 6% (up to 10 keV).

Extracted nuclear properties (level
spacing, average gamma widths, etc...).

C. Guerrero et al., Phys. Rev. C, in preparation

240py(n,F)

To be performed in 2011

LBNL and Tech Source Inc.
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The cross-sections of 241Am

241Am(n,y)

To be performed in 2010

Large discrepancies in databases
for several resonances.

nuclear energy applications

Overall uncertainty too high for

Preliminray n_TOF data show 10%

241Am(n,F)

—~ 60 —
E i 'am n_TOF (norm. Dabibs 1983)
3 — 3 m ENDF/IB-VILD
S 50 i ":Am JENDL 3.3

------- 'Am BROND 22

Mam JEFF 3.1
40

lllllllllllllll

Linmunnn

: accuracy (still needs refinement) LT

L e e e e L e e e P e e L] 0.35 0.4

- , Neutron Energy (eV)
INFN

INPC2010 Jul 6 2010  G. Tagliente — INFN Bari

LBNL and Tech Source Inc.
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The cross-sections of 2*1Am

241 Am(n,y)

To be performed in 2010

241Am(n,F)

2]
o

o, (barn)
o
P

"
B

Large discrepancies in databases
for several resonances.

Overall uncertainty too high for

nuclear energy applications

Preliminray n_TOF data show 10%

accuracy (still needs refinement)

" am n_TOF (norm. Dabbs 1983)

A m ENDFIB-VILD
Ham JENDL 3.3

Lissssssssnsssnssnsnnnsnnunnn

LBNL and Tech Source Inc.
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Neutron Energy (eV)
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The cross-sections of 243Am

Capture Yield

— 2Am yield

10°

T l'.ll]lll._____ A

10

E T LTI

10 10° 10° 10 10°

10°

-

E.(eV)

Clarified a long-standing discrepancy of
more than 15 % !

n_TOF data (3% accuracy) confirm
current evaluations, against previous
results (even of 2004 !!).

F. Belloni et al., Nucl. Sci. Eng., in preparation

Unique measurement (not easy to perform).

Accurate data up to a few keV (because of
thick Ti+Al capsule).

Improvements and new measurements are
needed.

o, (barn)

E. Mendoza et al., Phys. Rev. C, in preparation

243
2 Am(n,F) :
ol - m 20bin/dec »
1.8 ** Am ENDF/2-VIL.0 BRI
E *'Am ENDFIB-VII, 2.6% e’ bt ¢l
18L1 o Aiche2007
1.4 Laptev 2004 35
: C ®  Younes 2004 (surrogate)
1.2 | ©  Knitter 1988
E Kanda 1987
1 Behrens 1981 o
F| v Fursov1977 E 244p, (3He,tf)
0.8+ 4 Seeger1970
0.6
0.4
0.2
e ) e -
4310° 5<10° 10° 2.10°

Neutron Energy (eV)

INPC2010 Jul 6 2010  G. Tagliente — INFN Bari

LBNL and Tech Source Inc.
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The 2%5Cm(n,F) reaction

= :
& 1200 | 25Cm(n,F) ¢
L } * +  n_TOF 1000 bin/dec
o ——— ENDF/B-VIL.O
1000 p 4 —— JEFF-3.0
) Browne 1978, RTE
800 White 1979, RTE

600

400

I]lllllllllllllllll[lll

200

4 il "
T e —
o v by by ey b Ty |

7 7.5 8 8.5 9 9.5 10
Neutron Energy (eV)

M. Calviani et al., Phys. Rev. C, in preparation

)

Only two  measurements
available, with factor of 2
difference  (evaluation in
between).

The only reliable
measurement is from a
nuclear explosion

New data from n_TOF have
clarified that one of the
previous measurements is
wrong.

INFN

( INPC2010 Jul 6 2010  G. Tagliente — INFN Bari 24

LBNL and Tech Source Inc.
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New Moderator

Pressurized (4cm thick)
Vessel f
" 1
Cooling Water
(1em thick)
60 ¢
0 4
protons Ll 1 Existing Pool
Exls?mg
Retention »
Vessel

v'Optimized for a better cooling
v'two different circuit for cooling and
moderation

v'reduced size

v'Additional aluminum windows

INPC2010 Jul 6 2010
Bari

G. Tagliente = INFN

LBNL and Tech Source Inc.



|

n_TOF Phase 2

Capture measurements

Mo, Ru, Pd stable isotopes

Fe. N1 Zn. Sc stable 1sotopes

A=150 (isotopes varii)

calculation of r-process residuals
isotopic pattems in SiC grains

s-process nucleosynthesis i massive stars
accurate nuclear data needs for structural
materials

s-process branching points
long-lived fission products

234236, ; 231.233
-H.-JéL». 811335

235238

230 240 242 3 3 245
230240 42p,, W1 A, 5Cm

Th/U nuclear fuel cycle
standards. conventional U/Pu fuel cycle

incineration of minor actinides

¥ au, €, Pb

Calibrations

Fission measurements

231 245 241,243

B2 ¥ em, py,
P3U(n.f) with p(np’)

24
Am, Cm

Vari
Varit
23dU(n.f, )

fission cross section data for minor actinides
new 2°U(n.f) cross scction standard

FF angular distribution

FF mass distribution

study of vibrational resonances at the fission
barrier

Program discussed and accepted
by INTC (measurements subject
to specific approval).

The isotopes in red need the
Experimental Area 2 (20 m from
spallation target).

Main problem for actinide
program: procurement of targets
with adequate mass, purity,
uniformity, etc... In the past,
present also radioprotection
issues.

A big step forward starting this
year is the transformation of the
experimental area in Working
Sector Type A.

INPC2010 Jul 6 2010
Bari

G. Tagliente = INFN

LBNL and Tech Source Inc.
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Conclusions

Current generation nuclear reactors affected by two main problems:

- Inefficient use of U resources
- Production of long-lived nuclear waste

Gen IV fast breeder reactors and/or ADS would solve major problems of current
reactors

The design and advanced nuclear systems require accurate new data on neutron
cross-section of several actinides.

Since 2001, n_TOF is contributing to the world efforts aimed at collecting high
quality data, mostly on capture and fission.

The main advantage of n_TOF for actinides is the high instantaneous neutron flux
and the high-performance detectors.

Many isotopes have been measured in the first campaign (2002-2004), but a lot
more still remains to be done.

A large experimental program on actinides and LLFP foreseen for the next few years.

LBNL and Tech Source Inc.
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